Objective: To describe the characteristics, the management and the outcome of a consecutive series of patients with diabetic foot lesions (DF) and no-option critical limb ischemia (CLI) treated with a multidimensional, interdisciplinary approach in a dedicated center.
Diabetic foot (DF) lesions are a major health problem. It concerns 9 to 26 million persons, it is costly and responsible for 70% of non-traumatic amputations in the western world [1] [2] [3] [4] . In addition to that, amputation is also associated with a high mortality rate and social and psychological problems [5] [6] [7] [8] . DF is often associated with critical limb ischemia (CLI), the end-stage symptomatic evolution of peripheral artery disease [9, 10] . Revascularization through percutaneous transluminal angioplasty (PTA) or through bypass graft surgery is of paramount importance for wound healing and limb salvage [11] . However, revascularization is not always possible. The terms 'no-option' and 'non-reconstructable' CLI have been used for decades to identify those patients unsuitable for revascularization [12] . Today, thanks to the technological improvements especially for endovascular treatment, the percentage of patients not suitable for reperfusion has been decreasing and, as a consequence, the amputation-free survival of CLI patients is improving [13] . Nevertheless, these cases still exist and represent a very high-risk category. Their management is difficult, and the major amputation often seems to be considered the only available option.
This article aims to challenge this concept by describing the characteristics, the management and the outcome of a consecutive series of patients with DF and no-option CLI treated with a multidimensional, interdisciplinary approach in a dedicated center.
Research design and methods
Clinical and procedural data from all patients admitted to the Diabetic Foot Unit of the Maria Cecilia Hospital (Cotignola, Italy) are recorded in a dedicated clinical database and accurately verified for completeness and accuracy against the patients' clinical charts. Patients are prospectively followed up for at least 12 months. The analysis was based on current clinical practice; therefore, the regulatory authorities required an ordinary written informed consent to procedures and data collection, which was obtained from all patients. The protocol of the study was in accordance with the Declaration of Helsinki.
Definitions and study population
For the definition of diabetes, DF, CLI and no-option CLI, current standards and guidelines were followed. In short, diabetes was diagnosed according to Standards of Medical Care in Diabetes criteria [14] ; DF was diagnosed in presence of non-healing ulcers or gangrene below the ankle; CLI was defined as presence of chronic ischemic rest pain and/or ulcers or gangrene (consistent with Fontaine Stages III-IV and Rutherford Classes 4 to 6) attributable to proven arterial occlusive disease [15] . Artery disease was assessed through transcutaneous oxygen tension (<30 mm Hg) and imaging (Doppler examination and/or angiography). A patient was judged nooption CLI when considered ineligible for surgical or endovascular revascularization by a 'foot team' including a diabetologist/foot surgeon (LDP), a cardiologist (AC), an interventional cardiologist (PS) and a vascular surgeon (GB). The population of the present analysis consists of 84 patients with DF and no-option CLI. Patients with acute limbthreatening ischemia, trauma, non-atherosclerotic disease (e.g. arteritis), embolic disease, or known hypercoagulable states were excluded.
Multidimensional and interdisciplinary approach
The diagnostic and therapeutic approach of DF patients in the Diabetic Foot Unit of the Maria Cecilia Hospital follows an ad hoc designed internal protocol consistent with the international guidelines and recommendations. Firstly, patients with infected ulcers are treated with antibiotics guided by microbial culture, and in case of acute infection (abscess, phlegmon, wet gangrene), urgent surgical incision/drainage is performed. Secondly, the ischemic aetiology of DF is ascertained with duplex scanning ultrasound and transcutaneous oxygen tension measurement; when positive, angiography and PTA are performed. In case of unsuccessful PTA or of anatomy not suitable for PTA, the indication to bypass graft surgery is considered with the surgical team. For those with no indication to surgery (no-option CLI), our ad hoc clinical protocol starts, with the endpoint of maintaining the plantar standing. Patients with no pain at rest and stable lesions are considered for conservative management or minor amputation. Conservative management consists of ulcerectomy and, in case of osteomyelitis (detected by plain x-rays and/or magnetic resonance), sequestrectomy. The closure is carried out through primary intention with gentle procedures, carefully avoid any tension on surgical margins, using nylon monofilament sutures 3-0 or 4-0. The subcutaneous suture is not used. In case this approach cannot be adopted, negative pressure wound therapy (V.A.C. ®, Acelity) is applied, followed by the application of dermal substitute (Integra® Dermal Regeneration Template, Integra LifeSciences Corporation). Subsequently, a split-thickness skin graft is used to cover the residual wound. In the case of minor amputation, the level is established according to the location and extension of necrosis. Finally, at discharge, antidiabetic and cardiovascular preventive therapies are optimized and off-loading of the index limb is strongly recommended. During follow-up, all patients with a healed surgical site start a secondary prevention program consisting of the prescription of custom-molded, individually designed shoes and insoles, and periodic medical, orthotic and podiatry visits. Only the patients with pain at rest not responsive to pharmacological therapy and/or progression of infection/necrosis are treated with major amputation.
Follow-up and endpoints
Patients returned for follow-up visits every 15 days until the clinical stabilization of DF and surgical site. Afterwards, they were visited every 2 months. During the visits, patients were examined and assessed for adverse events and compliance to medical therapy. Additional exams and tests were performed at the physician's discretion. The primary outcome analysed is the one-year amputation-free survival (AFS), defined as freedom from death or major amputation, whichever occurred first. Major amputation was defined as any amputation above the ankle. Limb salvage and survival rates are also reported to ascertain the main driver of the combined endpoint. Source documents of adverse events were collected and reviewed by an independent blinded reviewer (PC) for the final adjudication.
Statistical analysis
Continuous data were tested for normal distribution with the Kolmogorov-Smirnov test and are presented as mean ± SD or median and interquartile range as appropriate. The normally distributed variables were compared using a t-test and a one-way ANOVA; otherwise, the Mann-Whitney U and Kruskal-Wallis tests were used. Categorical variables are summarized in terms of numbers and percentages and were compared using the two-sided Fisher's exact test. All variables were tested using univariate Cox regression as predictors of major amputation or death. Variables showing a p-value <0.1 were included in the multivariable model. Independent predictors among baseline characteristics were selected with a backward stepwise modelling approach. The variables remaining significant at a threshold p-value ≤0.05 were retained as final predictors. Finally, the cumulative occurrence of AFS in patients stratified according to the presence or not of baseline foot lesions located distal to the Lisfranc joint and of mortality in patients stratified according to the presence or not of major amputation were assessed using Kaplan-Meier curves. Differences between groups were judged with the log-rank test. A p-value was considered significant if <0.05. All analyses were performed with SPSS 24.
Results
Between October 2014 and October 2017, 1,024 patients with DF and CLI were admitted to our Unit. Overall, 1,981 angiography of lower limbs were performed in this group of patients. In all the patients an endovascular or surgical procedure was carried out but in 84 patients (8.2%) there was a failure in distal revascularization with a persistent CLI after procedures. After a discussion in the multidisciplinary 'foot team', those patients were judged affected by DF with no-option CLI and represent the study population of the current investigation. Table 1 shows the main characteristics of the study population. The median age was 77 [70-84] years, and 58 (69%) patients were male. Ischemic heart disease (55%), atrial fibrillation (36%), heart failure (19%) and end-stage renal disease (19%) were the more commonly observed comorbidities ( Table 1) . As expected, the majority of patients had a history of revascularization of the lower limbs and minor or major amputations. The main details of DF at presentation are reported in Table 2 . Thirty-five percent of lesions were located proximal to the Lisfranc joint, and 56% showed gangrene. The median transcutaneous oxygen tension was 7 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] mmHg. The angiography showed occlusion of all the arteries below the knee in 36 (43%) patients, while only five (6%) had no total occlusive disease below the knee.
Baseline characteristics
About pedal arteries, 70 (83%) patients had both dorsal and plantar artery occluded. In the remaining 14, one of the two main arteries was angiographically patent, without corresponding benefit assessed by transcutaneous oximetry (probably due to reduced perfusion).
Amputation-free survival
One-year follow-up was available in all patients, whilst a longer follow-up (median 916 [584-1218] days) was available in 55 (65%) patients. AFS rate was 34% at 1 year and 27% in the overall available follow-up. Hence, 23 (27%) patients resulted alive and with the index limb salvaged at the end of the study. Their amputation-free survival was 708 [383--1073] days. AFS rate had significantly increased in patients with baseline foot lesions located distal to Lisfranc joint compared to patients with lesions proximal to it, both at 1-year (42% vs 19%, log-rank p = 0.006) ( Figure 1 TcPO2, transcutaneous oxygen tension. Figure 1 . Occurrence of major amputation or death in patients with lesions located proximal or distal to the Lisfranc joint.
Limb salvage
One year after the diagnosis of no-option CLI, 55 (66%) patients received a major amputation of the index limb, corresponding to a limb salvage rate of 34%. The level of the amputation was above-the-knee in 22 (40%) and below-the-knee in 33 (60%) patients. The median time between no-option CLI diagnosis and major amputation was 20 
Survival
At 1 year, 14 (17%) patients died, corresponding to a survival rate of 83%. The median time between nooption CLI diagnosis and death was 145 [72-257] days. Thirteen (93%) patients underwent a major amputation of the index limb before death. Oneyear mortality of patients treated with major amputation was significantly higher compared to that in patients who had a successful limb salvage (24% vs 4%, log-rank p = 0.019) ( Figure 2 ). The median time between major amputation and death was 74 [58--230] days. No survival differences were noted between patients treated with below-versus abovethe-knee amputation (log-rank p = 0.932). The only variable associated with 1-year mortality was major amputation (HR 7.832 [1.024-59.889]).
Conclusions
The present analysis, despite the limitations inherent to its design, has demonstrated that major amputation is not mandatory for patients with DF and nooption CLI.
In as much as 34% of our consecutive population, we avoided amputation above or below the knee in the first year, and this positive result was maintained in 27% of the patients subjected to the long-term follow-up. The rate of limb salvage reported in clinical trials is higher, but the most critical cases were often excluded, as well as patients on dialysis [16] [17] [18] [19] . Furthermore, even the definition of no-option CLI adopted in these trials are variable and subjective [13] . There are few real-world data on no-option CLI patients for comparison. In a recent retrospective study, patients that received the diagnosis of nooption CLI had a limb salvage rate of 0% at 1 year [20] . Faglia et al. reported 27 cases of no-option CLI with amputation free-survival lower than 10% at 1 year [8] . Thus, the results obtained with the present study are encouraging and make this approach clinically relevant. The clinical parameters that allowed us to consider the limb salvage attempt were: the absence of ischemic pain at rest; the stability of the chronic lesions without progression of infection. Conversely, in all cases with ischemic pain and progression of the soft tissue destruction, major amputation had to be carried out. At the regression analysis, the strongest predictive variable associated with limb salvage was the location of the index lesions distal to the Lisfranc joint. As one might expect, it was easier to treat lesions that are more distal and to maintain the plantar standing. Indeed, transmetatarsal amputation was the most commonly performed minor amputation in patients with successful limb salvage. This founding was also confirmed in the study by Baer-Bositis et al., which showed a negative association between heel ulcers and amputation-free survival [20] .
Our approach could be of interest to the field also because the no-option CLI patients who had a successful attempt of limb salvage showed a significantly higher survival rate than those treated with major amputation. Moreover, at the multivariate analysis, major amputation has been confirmed as an independent predictor of mortality. The evidence that mortality increases after major amputation is not new and is well described in the medical literature. However, this study shows for the first time that avoiding major amputation leads to a survival benefit also in the highrisk group of no-option CLI patients.
Besides major amputation, no other clinical variable or risk factor associated with mortality has been identified. It appears that the amputation itself enhanced the risk of death, rather than being a marker of the underlying severity of the disease. Nevertheless, no statistically significant conclusion can be made given the size of our population sample. It is relevant to consider that decision-making for amputation procedures is subjective and complex. In our protocol, rest pain and control of infection/necrosis were the main determinants to decide whether to perform a limb salvage attempt. However, previous ambulatory status, as well as predicted function of the limb, comorbidities, frailty and patient's life expectancy were all considered in the final clinical decision. Such variables were not always available for our analysis and should be considered in future studies.
In conclusion, the main finding of the present study is that a limb salvage procedure is feasible and effective even in patients with DF and no-option CLI, and especially in those with lesions located in the forefoot. A successful limb salvage attempt was associated with improved survival. Considering that the mortality rate after major amputation in the diabetic population is substantial, our study prompt to pursue the limb salvage attempt even in the high-risk group of no-option CLI.
Article highlights
Type of Research: Single-center retrospective analysis of prospectively collected registry data.
Key Findings: Amputation-free survival of 84 consecutive no-option CLI patients was 34% at 1 year. Patients with lesions located proximal to the Lisfranc joint had a higher incidence of major amputation and subsequent higher mortality rate.
Take-home Message: Limb salvage can be achieved in onethird of no-option CLI patients, and this may lead to improved survival.
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